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Abstract 
The previous research on air filters has shown that they are replaced prematurely before reaching full capacity of utilization, 
leading to increasing maintenance costs and to reduced engine protection against abrasive wear. Also, the customers play a very 
important part because beyond the warranty period, they have the last word, making decisions about replacing or not the air 
filters. In this context, the present research aims to analyze drivers’ perceptions on the air filters maintenance for internal 
combustion engines. We also investigated drivers’ level of knowledge about the consequences of their decisions regarding air 
filters maintenance. We conducted a quantitative research, using the survey method based on a questionnaire. Most respondents 
are aware of the main filters used by cars systems. The best known filter is the fuel filter and the less known is cabin air filter. 
The most important characteristic in selecting air filters is higher filtering efficiency. When choosing the air filter, the first 
criterion taken into account by respondents is the recommendations from the maintenance and repair handbook of the car. The 
main consequence of dust penetration inside the internal combustion engine is the engine's wear. This study is useful both for 
practitioners and academics.  
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1. Introduction 
The most vehicles in operation are equipped with air filters for internal combustion engines made from paper or 
felt. Air filters prevent dust penetration into the combustion chamber of the engine protecting kinematic coupling 
against abrasive wear. The operation of an internal combustion engine without the air filter would lead to it wear ten 
times faster [1]. Also in paper [2] is specified that 80% of the cases the lifetime’s engine is limited by the 
consequences of its wear. 
In order to protect the engine against excessive wear, air filters should have high filtering efficiency and should 
be the subject of proper maintenance activity. The maintenance activity of air filters means on the one hand, proper 
removal and install, according to manufacturer's procedures and on the other hand, air filters' replacement when they 
have reached the full capacity of utilization. The research on air filters has shown that replacement is made 
prematurely, before reaching full capacity of utilization [3,4]. Regarding the maintenance procedures, beyond the 
warranty period, the customer has the last word and makes decisions about replacing or not the air filters. 
The purpose of the present research is to analyze drivers’ perceptions on air filters maintenance for internal 
combustion engines. The drivers’ perception includes also their level of knowledge about the proper maintenance of 
air filters. The research objectives are: (1) Investigating the level of knowledge about the filter types used by 
vehicles; (2) Investigating  the criteria used for choosing air filters; (3) Investigating the frequency of maintenance 
activities for air filters; (4) Investigating  the level of knowledge about the consequences of the maintenance 
activities. 
2. Literature review 
The criteria for replacing the air filters used in service stations are:  
(a) the distance traveled by the vehicle using that filter; 
(b) the time that air filter was in operation; 
(c) reaching a limit value of the restriction generated by the used filters.  
In most maintenance handbooks of the vehicles, it is recommend that air filters replacement should be made 
depending on the vehicle mileage or according to its operation time. These values differ widely among car 
manufacturers depending on the constructive particularities of the engines, between 20,000 ÷ 90,000 km or one to 
four years [5]. 
The service life of air filters is estimated between 45,000 ÷ 75,000 km [6]. 
In paper [7] the author says that ideally air filters should be serviced when their restriction increases to a limit 
recommended by the OEM or the recommended mileage. According to [7] and [8], for light and medium vehicles 
engines, the air filter should be replaced when the increase of restriction reaches 1 ÷ 2.5 kPa.  
Previous research presented in papers [3,4] showed that air filters replaced depending on the vehicle mileage or 
operation time were prematurely replaced, before reaching full utilization capacity. 
Service stations have the common interest of more frequent maintenance actions in order to win more money 
from spare parts and cost of labor.  
A new air cleaner, depending on the type of the filtering material has an initial efficiency of 96% up to 99.6%. At 
the end of the service life when the restriction rise reaches 2.5 kPa, the filtering efficiency reaches 99.9% 
[2,9,10,11]. 
There are cities, especially Bucharest, with high concentrations of vehicles, where the quantity of dust in the 
atmosphere is very high [12]. Air filters change their color and appear dirty after short periods of use, but in terms of 
filtering efficiency, they are better than new air filters [13]. 
3. Research problem and objectives 
Decisions on the frequency of maintenance actions performed on the air filters outside the warranty period are 
made by the vehicles' owners. These decisions are based on several objective and subjective arguments, more or less 
correct in terms of engine's reliability. 
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The purpose of the present research is to analyze drivers’ perceptions on air filters maintenance for internal 
combustion engines. The drivers’ perception includes also their level of knowledge about the correct maintenance 
activities performed on air filters. The research objectives are: (1) Investigating the level of knowledge about the 
filter types used by vehicles; (2) Investigating the criteria used for choosing air filters; (3) Investigating the 
maintenance activities frequency for air filters; (4) Investigating the level of knowledge about the consequences of 
the maintenance activities. 
4. Research method 
The research method was a quantitative survey based on a questionnaire. The questionnaire was initially tested on 
a group of 30 respondents in order to eliminate content errors.  
The first part of the questionnaire includes questions investigating the respondents’ experience as drivers: the 
type of the license, the license age and the number of kilometers driven annually, the type of the vehicle frequently 
driven. The questions in the second part of the questionnaire aim to study the knowledge level about the 
performance indicators of filters, the selection criteria for air filters and the perceived consequences of performed 
maintenance activities.  
The final questions placed in the questionnaire were identification questions about the respondents’ 
characteristics. 
Data were collected between December 2014 and March 2015 and were processed using SPSS 13.00. 
5. The sample 
The sample consists of 312 respondents, drivers of private cars and/or business cars.  
Most drivers in the sample (66.7%) have between 18 and 25 years, while 14.4% were aged 26-35 years. They are 
mostly young university graduates in Mechanics field. Also, 65.7% of the respondents have university studies while 
10.6% have postgraduate studies. It can be noted that the drivers have a good education level, having at least 
secondary education. 18% of respondents had at least a high school education. 
The drivers’ experience is appreciated by the travelled distance (the mileage of the vehicle), the age and the type 
of driver license and the level of technical knowledge.  
Most of the respondents, 43.6% travel between 10,000 and 20.000 km every year while 32.7% of them drive less 
than 10,000 km every year. This is explained by the fact that workplace is relatively close to the drivers’ homes or to 
the public transportation area. Also, the poor extra urban infrastructure and traffic congestion in urban areas 
contributes to the low number of kilometers driven by the most respondents.  
Regarding the age of the license, 74.4% of the drivers have the license for less than 10 years while 15% have an 
experience of over 20 years. This is explained by the fact that most respondents are under 25 years. 99% of the 
respondents have B type driver license, while 27.2% of them have B and C license type and 14.1% A and B license. 
Most of the respondents (53.8%) consider themselves as having a medium level of technical knowledge and 
29.8% consider themselves as specialists. We estimated that the answers given by this part of the sample are given 
based on their technical knowledge. 
6. The level of knowledge about the filter types used by cars 
The respondents were asked to select the vehicle filters they know about. In Fig. 1 is represented the level of 
knowledge about the filter types used by vehicles. 93.9% of the respondents have identified the fuel filter as the 
main type of filter they have heard about.  
90.7% knew that air filter is a type of filter used for vehicles. Also, the oil filter is known in a very similar 
measure (90.4%). Less familiar is the cabin air filter (72.1%) and this is explained, on the one hand, by the fact that 
not all vehicles in operation are equipped with this filter and on the other hand, by the fact that some respondents did 
not consider it an important filter. It can be noticed a very small percent (1.3%) of those who do not know any filters 
used in cars. In conclusion, the vast majority of the respondents know the main types of filters used for vehicles. 
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Fig. 1. The knowledge level about the main filter types used by vehicles 
7. The identification of the criteria used for choosing the air filters 
In order to investigate the criteria used by the drivers for choosing the air filters, questions involving technical 
terms were used. In order that respondents to understand the correct meaning of these terms, they were defined in 
the questionnaire according [14,15]. 
The filtering efficiency is ability of the air cleaner or the unit to remove contaminant under specified test conditions. 
Air cleaner is a device which removes particles suspended in the fresh charge as it is drawn into the engine. 
Gaso-dynamic resistances mean the resistances encountered by the airflow through the filter and may influence 
the power performances, consumption and pollution performances of the engine.  
The storage capacity of impurities represents the quantity of contaminant removed by the unit under test in 
producing specified terminal conditions. 
7.1. The importance of technical characteristics in choosing the air filters 
Drivers’ perception on the importance of air filter characteristics when choosing them was measured using the 
five level importance scale (1-not at all important, 5-very important). Fig. 2 presents the importance of each 
performance index for the respondents when choosing the air filters. 
 
 
Fig. 2. The importance of technical characteristics in choosing the air filters 
The indicators presented in Fig. 2 are not mentioned in any quantitative or qualitative way in the documents 
offered with the new products.  
965 Marius Toma and Claudia Bobâlcă /  Procedia Technology  22 ( 2016 )  961 – 968 
The respondents consider that the most important characteristic in choosing the air filters is higher filtering 
efficiency, with an average value of 4.7. Paper [2] states that in 80% of cases the service life of an engine is limited 
by its wear. The main source of this phenomenon is represented by the particles that pass through the air filter. The 
wear of internal combustion engine is ten times higher when the engine is functioning without the air filter [1].  
High storage capacity is the second element as importance (4.35) followed by low gaso-dynamic resistances 
(4.11). These two performance indicators are also very important but their influence on the proper functioning of the 
engine is lower. The respondents considered the long service life of the filter as being the least important 
characteristic (3.96). This is explained by the fact that air filter is not expensive compared to other spare part for 
vehicles. More frequent replacement is not seen as a costly action.  
The answers provided by respondents about the importance of performance indicators in choosing air filters 
showed a good understanding of the terms and a good level of technical knowledge. 
Further, the drivers were asked to express their agreement or disagreement (on a Likert scale, with 5 levels, 1 - 
totally disagree, 5 - strongly agree) on three statements related to the conditions when an air filter has the best 
filtering efficiency  
Drivers considered that an air filter has the best efficiency when it is new, again immediately after it is mounted 
on the vehicle (4.23). The other two options registered a weaker agreement level: after traveling 5,000 km (3.26) and 
the end of the service life (1.8). However, a great number of studies in literature showed the opposite. New filters 
are characterized by initial filtering efficiency between 96% and 99.6% depending on the type of air filter, according 
to [2,9,10,11]. The air filter efficiency increases as they are used, reaching 99.9% at the end of the operation period. 
The right answer was indicated only by 1.8% of the respondents. Although most respondents have high level of 
technical knowledge and consider themselves experts, they gave wrong answers. This indicates that the filtering 
mechanism of the air filters for internal combustion engines is not known. Usually, a new product is better than a 
used one. Doing this analogy most respondents were wrong.  
7.2. The criteria used for choosing air filters 
Respondents were asked to indicate the criteria they use when they choose an air filter, from seven options. We 
used the 5 levels importance scale (1-not important, 5-very important). The proposed criteria and respondents’ 
appreciation for each one are presented in Fig. 3. 
 
 
Fig. 3. The criteria used for choosing air filters 
We noticed that the first criterion taken into account, in terms of importance, with 4.57, is the recommendation 
from the maintenance and repair handbook of the vehicle. This is a good and objective criterion. 
The next most important criterion is the manufacturer with 4.03. This choice does not have solid arguments 
because the product is not accompanied by a technical sheet that indicates the values of air filtration performance 
indicators. 
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Although air filter is not an expensive spare part, cost is the third criterion taken into account by the drivers when 
choosing air filters. Technical adviser recommendations represent the fourth criterion, with an average value of 3.58. 
This indicated that the respondents do not trust very much the service stations' advisers. Maintenance and repair 
units are numerous and service counselors' skills differs greatly. The technical advisers should recommend 
maintenance actions according to the manufacturer recommendation, but the customer has the final word and he 
often requires service counselor’s personal, subjective opinion. In assessing the air filters' state they are most often 
guided by its appearance. Air filter becomes darker shortly after it is used but this fact does not reduce its technical 
performance, on the contrary. In conclusion, the service advisor can give wrong advice, based on the air filter 
appearance. A good thing is that subjective factors like acquaintances' recommendations, car forum 
recommendations and the aspect are less important when customers decide to replace the air filter. 
8. The frequency of maintenance activities for air filters   
The warranty period requires strictness on the frequency of maintenance actions as they are imposed by the 
manufacturer. Respondents were asked about the frequency of the maintenance actions adopted by them after the 
vehicle's warranty expires. Fig. 4 shows the options the drivers who had to choose between and respondents' choice 
for each option. Most of them, 48.5%, are replacing the air filter beyond the vehicle's warranty period, every 15,000 
km or after one year. This result confirms that the maintenance interval, at 15,000 km or after one year, is a very 
widely adopted by the service stations, almost like a custom, like an unwritten law, without paying solid arguments. 
In maintenance and repair handbooks, the intervals for air filters replacement varies greatly, depending on the type 
of the engine and operating conditions. For example, for Dacia Logan 1.6 petrol engine K7M is 20,000 km / 2 years, 
for Hyundai Elantra 1.6 MPI is 45,000 km / 3 years, for VW-Audi group and 1.6 MPI engine is 90,000 km / 6 years. 
[5]. These recommendations are most often ignored. 
 
 
Fig. 4. The replacement criteria of air filters 
If for the previous question, the option "the maintenance and repair handbook recommendations” was indicated 
by the majority of respondents (Fig. 3), in Fig. 4 this would be the second criterion used when establishing the 
replacement frequency of the air filters. This is a better replacement criterion although previous research showed 
that replacing air filters according to the maintenance plan of the manufacturer led to premature replacement, before 
filters achieved full capacity of utilization [3,4]. 
Replacing air filters should be made when the specific warning light is on. Only 12.6% of the respondents replace 
the filter in this condition (if the vehicle is fitted with this option). This low percentage is explained by the fact that 
the air filter warning light indicating the technical condition of the air filter is specific to trucks and farm tractors, 
being less present among vehicles standard options. 
Technical advisor recommendation is only the third option. It confirms that trust in their advice is reduced, the 
same as in Fig. 3. Other criteria taken into account have small weights and are unfavorable. 
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Further, drivers were asked if they consider that a classic paper air filter can be used again at the end of its service 
period. 80.1% of respondents believe an air filter cannot be used again because it would threaten the proper 
functioning of the engine. Paper [6] showed that paper and felt air filters can be cleaned by blowing compressed air 
and can be used again. Only 18.3% of drivers know that the air filter can be used if it is cleaned by blowing 
compressed air. Most of the respondents who correctly answered are the ones who drive more than 30,000 
kilometers annually and are automotive vehicles specialists. 
To check drivers' belief regarding the replacement frequency of air filters, they were asked about the service life 
of an air filter. Most of them, 76.6% believe this the service life is 15,000 km. It is an incorrect assessment and 
confirms the previous result from the Fig. 4, that the maintenance interval at 15,000 km is a custom, very 
widespread and accepted among drivers. Only 4.5% of the respondents are aware that for travel conditions on urban 
and extra urban roads, air filter has a service life of 50,000 kilometers according to [6,7]. They evaluated themselves 
as specialists in road vehicles at a rate of 91%. 
Regarding respondents assessments on the consequences of air penetration (with impurities) inside internal 
combustion engine, 66.7% of the drivers correctly assessed that the main consequence is the engine's wear. The 
effect of engine wear is the reduced energetic performance and 55.8% of drivers have considered this. Only 4.5% of 
respondents do not believe that major consequences really exist. This assessment is totally wrong since the main 
cause leading to engine's wear is the abrasive particles passing through the air filter, along with the unfiltered air. 
Most drivers find useful equipping the vehicles with a transducer to show the dust charging level of the air filter 
and 40.1% consider it very useful. 81.4% of the respondents would replace the air filters depending on the indication 
of a transducer. It thereby eliminates subjective aspects and often erroneous decision on replacement of air filters. 
Only 18.6% think the transducer is unnecessary because air filter is a cheap component that should be changed as 
often as possible. Even if the air filter is a cheap spare part, its frequent replacement would lead to intensified engine 
wear due to reduced filtering efficiency of new filters. 
9. Conclusions 
Most respondents are aware of the main types of filters used by vehicles systems. The best known of these is the 
fuel filter and the less known is the cabin air filter. 
The respondents consider that the most important characteristic in selecting air filters is higher filtering efficiency 
followed in order by the greater dust storage capacity, lower gaso-dynamic resistances and the longer service life of 
the filter. The provided answers show a good understanding of the terms used in the research and a good level of 
technical knowledge. 
Most respondents wrongly believed that the highest air filter efficiency is when the filter is new, immediately 
after it is mounted on the car. This demonstrates that air filters filtering mechanism for internal combustion engines 
is not known. 
When choosing the air filter, the first criterion taken into account by respondents is the recommendations from 
the maintenance and repair handbook followed in order by manufacturer and cost criteria. Technical advisor’s 
recommendation is the fourth option. Subjective aspects such as auto forums recommendations, acquaintances' 
recommendations and air filter appearance have low importance. As a conclusion, the drivers have great confidence 
in the manufacturer's recommendations specified in the technical documentation and consider service's advisors less 
reliable.  
Most respondents replace the air filter, beyond the warranty period, at every 15,000 km or every year. This range 
is much smaller than the current manufacturers' recommendations. Filters are likely to be prematurely replaced, 
increasing maintenance costs and reducing engine protection against abrasive wear. 
The large majority of respondents erroneously believed that air filters cannot be used at the end of their service 
life, by cleaning with compressed air, because it might threaten the proper functioning of the engine 
The main consequence of dust penetration inside the internal combustion engine is the engine's wear, reducing its 
performances. This fact is recognized by the large majority of respondents. 
Most drivers find useful equipping the vehicles with a transducer to show the dust charging level of the air filter. 
For automobile users (drivers) to have arguments when choosing the air filters, they must be accompanied by a 
technical sheet that specifies the main performance indicators determined in accordance with ISO 5011 standard. In 
order that air filters to be replaced at the right time, the vehicles must be equipped with a specialized transducer.  
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The study is useful for vehicle manufacturers, for air filters manufacturers that equip internal combustion engines 
and for mechanics specialists who make recommendations on maintenance actions. It is also useful for academic 
field because this study reveals that little is known about the air filters behavior during the operation period. 
As future research directions, the authors plan to expand the study on a specialized sample consisting of 
maintenance and repair units/service stations employees. 
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